The purpose of this paper is to extend the TOPSIS ( 
Introduction
Multiple attribute decision making (MADM) under the linguistic environment is an interesting research topic which has been receiving more and more attention in recent years [1] [2] [3] [4] [5] . TOPSIS (the technique for order preference by similarity to ideal solution), developed by Hwang and Yoon [6] , is widely used in MADM. The basic concept of TOPSIS is that the best alternative which we chose from all of the alternatives should be the least different from the positive-ideal solution and the most different from the negative-ideal solution. The attribute values and weights often take the form of exact values [7] or fuzzy numbers [8] [9] [10] [11] . The attribute values, however, are only described by the linguistic variables [12, 13] in real situation, because of time pressure, lack of knowledge, and their limited attention and information processing capabilities. All the linguistic variables must be transformed into fuzzy numbers in order to calculate the distance from the ideal solution. Therefore, this method fails to deal with the MADM problems based on the linguistic variables directly. Therefore, we must extend the TOPSIS in order to solve these problems.
In this paper, the extended TOPSIS has been proposed for solving the MADM problems based on the trapezoid fuzzy linguistic variables. We can compute the distance between two trapezoid linguistic variables directly based on the new distance formula.
To do so, the remainder of this paper is shown as follows: In section two, the concept of the trapezoid fuzzy linguistic variables are briefly reviewed, and the distance between two trapezoid fuzzy linguistic variables is defined to deal with the trapezoid fuzzy linguistic variables directly. In section three, we extend the TOPSIS method. Firstly, the maximizing deviation method and the non-linear weighted comprehensive method can be used to compute the combined weights of each attribute based on the distance. Then, the relative closeness degree is defined to determine the ranking order of all alternatives by calculating the distances from the positive ideal solution and the negative ideal solution, respectively. In section four, the proposed method is illustrated with an example, and some conclusions are pointed out in section five. In Appendix A, the proof of definition 2.3 is provided.
Trapezoid Fuzzy Linguistic Variables
Suppose that
is a finite and totally ordered discrete term set, where t is a non-negative integer and i s represents a possible value for a linguistic variable. For example, the set S could be given as follows [14] where t equals four: 
Usually, in these cases, i s and j s must satisfy the following characteristics [14] :
(1) The set is ordered:
(2) There is the negation operator:
(3)Maximum operator:
In the process of information aggregation, however, some results may not exactly match any linguistic labels in S . To preserve all the given information, Xu [14] 
In some situations, however, the decision makers may provide fuzzy linguistic information because of time pressure, lack of knowledge, and their limited attention and information processing capabilities. We defined the concept of trapezoid fuzzy linguistic variable as follows [15] 
(1)0 ( , ) 1; 
The proof of Definition 2.3 is shown in Appendix A.
The extended TOPSIS
A multiple attribute decision making problem under fuzzy linguistic environment is shown as follows [16] : 
is the attribute value which takes the form of trapezoid fuzzy linguistic variables, given by the decision makers, for the alternative 
The method of determining the combined weights
We proposed combined weights that they can not only avoid the subjectivity from the decision makers' personal bias, but also confirm the objectivity, to highlight the importance of weights.
Computing the objective weights: the maximizing deviation method
The maximizing deviation method is proposed by Wang [17] to deal with the MADM problems with numerical information. The maximizing deviation method is applied to calculate the weight of each attribute when the attribute weights are unknown.
The deviation value is smaller, then the attribute should be assigned the smaller weight or vice versa. The deviation value is represented by the distance between two linguistic variables.
For the attribute
) to all the other alternatives can be defined as:
represents the total deviation value of all alternatives to the other alternatives for the attribute 
The maximum deviation model based on the maximum deviation method can be constructed as follows:
where j  represents the weight of the attribute 
Constructed the Lagrange Function as: 
The theoretic foundation of this method is based on information theory: the attribute providing more information should be assigned the bigger weight.
Computing the combined weights: the non-linear weighted comprehensive method
Supposed that the vector of the subjective weight, given by the decision makers directly, We aggregate the objective weight and subjective weight by non-linear weighted comprehensive method. The larger the value of the objective weight and subjective weight are, the larger the combined weight is, based on the multiplier effect. On the contrary, the smaller the combined weight is.
The extended TOPSIS
We use the extended TOPSIS method to ranking the alternatives based on the combined weight and the distance between two trapezoid fuzzy linguistic variables we just defined. The decision steps are shown as follows:
Step1: Construct the fuzzy linguistic decision matrix 
is the attribute value of alternative
, which takes the form of trapezoid fuzzy linguistic variable, given by the decision maker.
The normalization process is not necessary, due to the fact that all the attribute values are assessed using the same set of linguistic variables. In other words, the fuzzy linguistic decision matrix equals the normalized matrix.
If the combined weight is required in the calculation process, then the step 2 and step 3 can be executed, otherwise, we can skip to the following two steps, and execute the step 4 directly.
Step 2: utilize the Eq.(4) to compute the objective weights:
Step 3: utilize the Eq. 
, which takes the form of trapezoid fuzzy linguistic variables.
Step 5: Determine the positive ideal solution 
Step 6: Utilize the Eq. (2) Step 9: Rank the alternatives.
A set of alternatives can now be ranked according to the descending order of 
The illustrative example
In this section, a decision making problem of assessing cars for buying [2, 16] is used to illustrate the developed method.
There is a customer who intends to buy a car. 
and gives a fuzzy linguistic decision matrix as listed in Table 1 . In the following, we utilize the extended TOPSIS method to obtain the most desirable car.
Step 1: Construct the fuzzy linguistic decision matrix Table 1 .
A 
The objective weight is given by the decision maker, so we can skip to step 2 and step 3, and execute the step 4 executed directly.
Step 
Step 5 Obviously, the best alternative is 4
x .
The order calculated by the subjective weights is the same as Xu's [16] , which proves the method proposed in this paper is effective and feasible.
Then, we utilize the combined weight to construct the weighted matrix, and execute the approach.
We rank the alternatives and get the order is:
. Obviously, the best alternative is 4 x .
The calculation process of the combined weight is shown as follows.
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